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REMARKS/ARGUMENTS 

Favorable reconsideration of this application as presently amended and in light of the 
following discussion is respectfully requested. 

Claims 1-21 are pending in the present application with Claims 2-5, 11, and 17 
withdrawn from consideration. Claims 1 and 10-21 are amended by the present amendment. 

In the outstanding Office Action, Claims 16 and 18-21 were objected to; Claims 1, 7, 
and 8 were rejected under 35 U.S.C. § 103(a) as impatentable over Ryu et al. (U.S. Patent No. 
6,956,238, herein "Ryu") in view of Zhang (U.S. Patent No. 6,664,143); Claims 6 and 9 were 
rejected under 35 U.S.C. § 103(a) as unpatentable over Ryu, Zhang, and Yoshino et al. (U.S. 
Patent Publication No. 2001/0025994, herein " Yoshino "): Claims 10, 13, 14, 16, 19, and 20 
were rejected under 35 U.S.C. § 103(a) as impatentable over Rvu in view of Zhang and 
Landini et al. (U.S. Patent Publication Application No. 2002/0059898, herein ("Landmi"); 
and Claims 12, 15, 18, and 21 were rejected imder 35 U.S.C. § 103(a) as unpatentable over 
Rvu in view of Zhang , Yoshino , and Landini . 

Regarding the objection to Claims 16 and 18-21, Claims 16-21 have been amended to 
recite "a (000-1) face," a feature recited by originally filed Claims 16-21. In addition. Claims 
10-15 have been amended to recite "a (1 1-20) face" as originally recited by Claims 10-15. 
No new matter has been added. Thus, it is believed that each of the amended claims further 
limits its base claim. Accordingly, it is respectfully requested this objection be withdrawn. 

In view of the outstanding rejections on the merits, independent Claim 1 has been 
amended to recite that a gate electrode is disposed in a surface part of each of first p-type 
silicon carbide regions. The claim amendments find support in Figure 2 and its 
corresponding description in the specification and also in the specification at page 5, lines 26- 
29, and at page 6, line 21 to page 7, line 14. No new matter has been added. 
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Briefly recapitulating, amended Claim 1 is directed to a MISFET that includes an n- 
type silicon carbide substrate of a high impurity concentration, an n-type silicon carbide layer 
of a low impurity concentration disposed on the substrate, a first n-type silicon carbide region 
disposed on the surface of the n-type silicon carbide layer of the low impurity concentration, 
first p-type silicon carbide regions disposed as adjoined to opposite sides of the first n-type 
silicon carbide region, a second n-type silicon carbide region of a second impurity 
concentration disposed selectively from a surface through an interior of the first p-type 
silicon carbide region, a wiring of a metal or polycrystalline silicon serving to short-circuit 
the first p-type silicon carbide regions to the second n-type silicon carbide region, a gate 
electrode disposed in a surface part of each of the first p-type silicon carbide regions, and a 
third n-type silicon carbide region formed both between the first n-type silicon carbide region 
and the first p-type silicon carbide region and between the second n-type silicon carbide 
region and the first p-type silicon carbide region. All components are individually formed in 
a vertical DMOS structure. 

In an non-limiting example. Figure 2 shows the first n-type carbide region 4, the p- 
type silicon carbide regions 5, the second n-type silicon carbide region 6, the wiring 7, the 
gate electrodes 8, and the third n-type silicon carbide regions 10 and 10a. 

By short-circuiting with the metal wiring or the polycrystalline silicon the first p-type 
silicon carbide regions 5 and the second n-type silicon polycrystalline region 6, these regions 
have a same potential. With this configuration, the device of Claim 1 has a fixed threshold 
voltage as disclosed in the specification on page 3, lines 22-30. 

Further, the claimed device has the third n-type silicon carbide region 10 between the 
second n-type silicon carbide region 6 and the first p-type silicon carbide region 5, below the 
gate electrode 8 and from the surface through the interior of the first p-type silicon carbide 
region 5. Thus, the claimed third n-type silicon carbide region 10 serves to (1) relax the 
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electric field exerted on the gate electrode, (2) enhance a blocking voltage between the drain 
electrode 1 1 and the second n-type silicon carbide region 6, and suppress a fluctuation in the 
threshold voltage as described in the specification on page 6, lines 1-20. 

Furthermore, the claimed MISFET has the third n-type silicon carbide region 10a, 
besides the third n-type silicon carbide region 10, between the first n-type silicon carbide 
region 4 and the first p-type silicon carbide region 5, below the gate electrode 8, and from the 
surface through the interior of the first p-type silicon carbide region 5. Thus, the claimed 
third n-type silicon carbide region advantageously achieves a uniform resistance of the gate 
channel region, between the gate electrodes 8, prevents the occurrence of a local current 
concentration, and allay the on-resistance as a whole, as disclosed in the specification at page 
6, line 21, to page 7, line 14. 

Turning to the applied art, Ryu shows in Figures 6 and 7 a semiconductor device 
having an n-type silicon carbide layer 12 disposed on an n-type silicon carbide substrate 10, a 
first n-type silicon carbide region 27 disposed on a surface of the n-type silicon carbide, a 
first p-type silicon carbide region 20 disposed as adjoined to opposite sides of the first n-type 
silicon carbide region, a second n-type silicon carbide region 24 disposed from a surface 
through an interior of the first p-type silicon carbide region at a position separated from the 
first n-type silicon carbide region, a contact 30 disposed on the optional p"*" silicon carbide 
region 22 and the second n-type silicon carbide region, a gate electrode 32 disposed in a 
surface part of the first p-type silicon carbide region through a gate insulating film 28, and a 
third n-type silicon carbide region 26' formed both between the first n-type silicon carbide 
region 27 and the first p-type silicon carbide region 20, below the gate electrode 32, and 
between the second n-type silicon carbide region and the first p-type silicon carbide region 
below the gate electrode and from the surface through the interior of the first p-type silicon 
carbide region. 
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However, the gate electrode 32 of Ryu is disposed as straddling between the first n- 
type silicon carbide region 27 and the first p-type silicon carbide regions 20, on the opposite 
sides of the region 27. In other words, the gate electrode 32 of Ryu does not include two 
electrodes separated sideward, which is different fi-om the claimed invention. 

Further, the contact region 30 of Ryu is configured not to short-circuit the first p-type 
silicon carbide regions 20 on the opposite sides of the first n-type silicon carbide region 27 to 
the second n-type silicon carbide region 24. On the contrary, in the claimed MISFET, the 
first p-type silicon carbide regions 5 and the second n-type silicon carbide region 6 are short- 
circuited by the use of the polycrystalline silicon or metallic wiring 7. For this reason, a 
threshold voltage of the device of Ryu is not fixed, which is different from the claimed 
invention. 

Furthermore, the third n-type silicon carbide region 26' of Ryu is disposed, as shown 
in Figures 6 and 7, between the first n-type silicon carbide region 27 and the first p-type 
silicon carbide region 20, below the gate electrode 32, and overlapping the gate electrode 32. 
Thus, this configuration allows the region 26' of Ryu to constitute a shorting channel layer as 
specifically disclosed by Ryu at column 12, lines 9-16. 

The claimed MISFET, by having the third n-type silicon carbide region 10 disposed 
between the second n-type silicon carbide region 6 and the first p-type silicon carbide region 
5, the third n-type silicon carbide region does not overlap with the gate electrode 8. 
Therefore, the third n-type silicon carbide region 10 of the claimed MISFET is configured to 
allay the electric field exerted on the gate electrode 8, enhance the breakdown voltage 
between the drain electrode 1 1 and the second n-type silicon carbide region 6, and suppress 
the occurrence of the fluctuation in the threshold voltage. 

In addition, the outstanding Office Action recognizes in the paragraph bridging pages 
3 and 4 that Ryu fails to disclose 'the contact made of polycrystalline silicon having a metal 
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or an implanted impurity." To cure this deficiency, the outstanding Office Action rehes on 
Zhang . 

Zhang discloses a method for fabricating a vertical field effect transistor that includes 
depositing on a microelectric substrate, independent of lithography, a vertical channel 
extending orthogonal to the microelectric substrate. In the vertical field effect transistor 60 of 
Zhang , a vertical channel 50 is formed with a monocrystalline silicon layer 28 on a sidewall 
26 of a trench 24, source and drain regions 46 and 44 are disposed respectively on the upper 
side and the lower side of the vertical charmel 50, and a gate electrode 52 insulated by a gate 
insulating layer 48 is formed in the vicinity of the vertical channel 50, as shown in Figure 2 
and disclosed at column 1 1, lines 20-57, of Zhang. 

Therefore, the vertical field effect transistor 60 of Zhang does not have a DMOS 
structure and differs in this regard from the configuration of the claimed MISFET and the 
semiconductor device of Ryu . Therefore, at least for this reason, it is respectfully submitted 
that one of ordinary skill in the art would not combine the teachings of Ryu and Zhang. 

Even if the combination of Ryu and Zhang is proper, Zhang does not cure the 
deficiencies of Ryu discussed above with regard to independent Claim 1. 

Accordingly, it is respectfully submitted that independent Claim 1 and each of the 
claims depending therefrom patentably distinguish over Ryu and Zhang, either alone or in 
combination. 

Regarding the rejection of Claims 6 and 9, the outstanding Office Action asserts that 
Yoshino discloses a process for producing a semiconductor device with a gate electrode 
formed of aluminium and a tungsten silicide film formed on the gate electrode. Yoshino 
discloses in paragraph [0002] a process for producing a semiconductor device that has a good 
hot carrier resistance and has a suppressed short charmel effect. The semiconductor device of 
Yoshino has two MOSFETs, one being of an n-type and the other being of a p-type. Between 
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the two MOSFETs, a device-separating (isolation) region is formed. Therefore, the device of 
Yoshino cannot have a current that passes through the device separating region and then, the 
current flows from above to below. 

On the contrary, the claimed MISFET has two MOSFETs both being n-type, and 
there is no device-separating region in a center region between the MOSFETs. Therefore, 
according to the claimed device, a current passes through the center region, specifically the 
first n-type silicon carbide region 4, and then flows from above to below. 

Thus, Applicants respectfully submit that Yoshino is different from the claimed 
structure, as also noted in paragraphs [0056] to [0069] of Yoshino , 

Regarding the rejection of Claims 10, 13, 14, 16, 19, and 20 imder a combination of 
Ryu . Zhang and Landini . the outstanding Office Action considers that Landini teaches a 
substrate made of a rhombohedral silicon carbide single crystal. 

Landini discloses in paragraph [0001] a silicon carbide epitaxial layer grown on a 
substrate offcut toward the direction of <1 100>, and a device provided with the silicon 
carbide epitaxial layer and a method for making the silicon carbon epitaxial layer. 

However, Landini fails to explicitly disclose a semiconductor device of a vertical 
DMOS structure provided with a silicon carbide epitaxial layer. In addition, the structure of 
Landini is different from the claimed device. 

Accordingly, it is respectfully submitted that the independent Claim 1 and each of the 
claims depending therefrom patentably distinguish over Ryu , Zhang, Yoshino, and Landini, 
either alone or in combination. 
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Consequently, in light of the above discussion and in view of the present amendment, 
the present application is believed to be in condition for allowance and an early and favorable 
action to that effect is respectfully requested. 



Respectfully submitted. 
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